Conventional hand-tracking devices are constructed with inertial measurement units, bending sensors, and optical technologies. However, these are limited by their high-cost and environmental factors. In this research, a hand-tracking device using a tangential force mechanical sensor for use in Immersive Virtual Environments is proposed.
Introduction
Motion tracking devices translate physical movements into computer-usable data. One example of a motion tracking device is the cyberglove (aka. Hand-Tracking Device, Data Glove). This is a wearable electronic device which frees up a user's hands for a more intuitive engagement with a virtual environment. This can promote a deviceless natural user interface. A cyberglove requires structural conformity, must be comfortable for the wearer, should be soft, elastic, and aesthetically appealing. The aim of this research is to design, manufacture and test a consumer-friendly cyberglove for use in an immersive virtual reality environment. Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). VRST '19, November 12-15, 2019 , Parramatta, NSW, Australia © 2019 Copyright held by the owner/author(s). ACM ISBN 978-1-4503-7001-1/19/11. https://doi.org/10.1145/3359996.3364701
Related work
Our primary physical connection with the world is through our hands. With devices such as a mouse, trackpad or game controller, "little of the dexterity and naturalness that characterizes our hands transfers to the task itself" [Sturman and Zeltzer 2009 ]. This observation still applies in the 21st century as exemplified by the Oculus Rift hand controller. Currently, cybergloves equipped with sensors, myoelectric potential sensors, and cameras are used as a method of acquiring the shape of the hand.
There have been many attempts at developing an affordable, consumer-friendly cyberglove, and a number of options are available on the market with varying benefits and limitations: Manus VR Glove; Hi5 VR Glove; Senso; Cyber Glove III; Plexus; StretchSense. In addition, a number of research projects have also been undertaken in an attempt to develop a new cyberglove. Examples include, 
Methodology
In this research a methodical approach to creative design and implementation called the Double-Diamond Design Process [Norman 2013 ] is adopted. The stages of the Process are Discover, Define, Develop, and Deliver.
Discover
The process starts with a general problem. The designer then undertakes some research by looking at similar problems, talking to more experienced designers, meeting users, and looking at current solutions. In this research a general problem of handtracking devices and current cyberglove solutions have been identified as dexterity, accuracy, cost and weight. A number of relevant tracking devices and cybergloves have been identified. Thereafter, a number of prior solutions were researched.
Define
The designer identifies a specific problem. In this case, an affordable cyberglove that can be used by consumers for interacting with immersive virtual reality environments remains elusive. The hypothesis therefore in this research is that human motion is detected effectively by a new method using a tangential force mechanical sensor
Develop
The designer then brainstorms possible solutions. A prototype is created and tested. The designer obtains feedback data, reflects upon the solution, and modifies (or completely changes) the design. Another prototype is then created and tested. In this research to date, technical verification of Metaskin [Sugiura et al. 2012 ] and first prototype production was conducted. First of all, it was necessary to reproduce how much expansion and contraction of Metaskin occurs when in use. Therefore, a sensor was made and tested. The sensor was made using a SG-105 photo reflector and 20 Denier stocking. The environment was set to the same as in the original Metaskin research. As a result, when the stocking is stretched by about 10 mm, and a small change is detected. After technical verification, prototype production started. In order to obtain the degree of bending of the joint, the sensor was fixed on the joint, and then it was covered with stocking. However, the value of the sensor was not changed because the distance itself does not change even if the finger is bent. In the next prototype, the case was made to extend the stocking by bending the fingers (see Figure 1 ). The stretch of the stocking is changed by the distance from the joints. Value changes are now read. However, after a number of contractions, the stocking did not return to its original state. 
Deliver
It is proposed that a solution can be found that uses Hand-Tracking Device using a Tangential Force Mechanical Sensor. This device can then be used for hand-tracking in Virtual Reality.
Conclusion
The above-mentioned prototypes revealed some limitations: stretchable material, accurate sensor tracking, and lack of consistent results. In future development, a more robust stretchable material will be tested, and a more effective sensor casing will be manufactured.
